Palade (19) demonstrated that in animal cells exportable digestive enzymes are segregated from other cytoplasmic proteins, inside membrane vesicles. These vesicles ultimately fuse with the plasma membrane and release their exoenzyme content outside the cell. Palade suggested that the sites of synthesis of exoenzymes are inseparable from their sites of segregation. This segregation results from the vectoral transfer of a nascent peptide chain of secretory proteins, emerging from a large subunit of membrane-bound polysomes into a space isolated from the cytosol (E. R. cisterna or extracellular space). Blobel and Dobberstein (4) offered a mechanistic interpretation of this segregation process in their signal hypothesis. They have demonstrated from their studies with an in vitro reconstituted secretion system that amino-terminals of the secretory proteins are preceded by a hydrophobic peptide, which causes interaction of the hypothetical membrane receptor and the ribosomes translating a secretory protein. Therefore, the membrane-bound ribosomes can be distinguished from the free ribosomes only on the functional basis dictated by the nature of the nascent peptide growing from the ribosomes. Rothman and Lenard (22) proposed a similar mechanism for the synthesis of membrane proteins.
This mechanism for the synthesis of proteins destined for the cell surface appears to be general. It has been suggested by Lampen (16, 17) , Both et al. (5) , Cancedda and Schlesinger (6) , and Inouye and Beckwith (12) that bacterial cells are similar to animal cells in the segregation and transport of secretory proteins. The observation that periplasmic nascent alkaline phosphatase synthesized in vitro is heavier (in proportion to the existence of an N-terminal "signal sequence") than the fully processed enzyme provides evidence for the existence of signal peptide in nascent secretory proteins ofprocaryotic cells. Comparable indirect evidence has also accumulated for penicillinase secretion in Bacillus licheniformis cells, although direct evidence for signal sequence of secretory proteins of procaryotic cells is still lacking.
In spite of this apparent universality of signal hypothesis, some characteristics of the protein secretion of procaryotic cells seems to be unique. These are: (i) a membrane-bound precursor of a secretory enzyme molecule (24) , and (ii) the presence of a phospholipopeptide in addition to the signal sequence in the N-terminal end of a secretory protein. However, the function of this phospholipopeptide is still conjectural (17) .
Although signal hypothesis clearly explains the ribosome-membrane binding, the membrane events following this binding is largely unknown.
Blobel and Dobberstein (4) hypothesized that hydrophilic pores in the membrane allow the nascent growing peptides of secretory proteins to move through the membrane. The force of translation is likely to provide the energy for the movement of the growing nascent peptide (W. P. Smith, P. C. Tai, R. C. Thomson, and B. P. Davis, Fed. Proc. 36:897, 1977 ). Hypothetical pore proteins, which are otherwise dispersed in the membrane, aggregate in response to the signal sequence emerging from a ribosome during the synthesis of a secretory protein. Because of the presence of the membrane-bound form of LOCALIZATION OF PENICILLINASE 1375 secretory enzymes, the procaryotic cells provide an interesting model for the study of membrane events of protein secretion. The results of indirect studies from penicillinase (3, 24) and aamylase systems (18) 
MATERIALS AND METHODS
Preparation of antibody to penicillinase and its conjugation to ferritin. Exopenicillinase, kindly supplied by J. 0. Lampen and purified as described by Pollock (20) , was used as antigen. Pure penicillinase was injected into rabbits to obtain the antibody to penicillinase (3) . Sera from these rabbits were pooled and freed from /3-lipoprotein with Aerosil 380 treatment. This serum was passed through a Sephadex G-25 column to remove low-molecular-weight substances. A single monomeric form of immunoglobulin G (IgG) was prepared from this serum by ion-exchange column chromatography using QAE Sephadex A-50 gel and 0.10 M ethylenediamine-acetic acid buffer (pH 7.0) as eluent (13) . The first elution peak containing 0.3% IgG was concentrated to 3.0%, and the IgG was freeze-dried (at concentrations below 3%, the IgG would be inactivated by freeze-drying). Residual ethylenediamine-acetic acid buffer was removed by extensive dialysis of the freeze-dried IgG before use.
Ferritin-IgG conjugate was prepared by the method of Kishida et al. (14) . The monomeric form of the conjugate-the form used in our labeling studies-was separated from the polymeric form and from free ferritin by column chromatography in 6% agarose (A5m). The conjugate was stored at 4°C and remained active for several months. Its activity was determined by Ouchterlony double diffusion against goat antirabbit IgG and anti-horse ferritin.
Preparations of B. licheniformnis cells for labeling with ferritin-IgG conjugate. Demonstration of intracellular and extracellular penicillinase antigenic sites involved labeling of the following cell preparations. (i) The first type of cell preparation consisted of mildly homogenized cells (ferritin-IgG conjugate diffuses into the cell through limited ruptures in the cell envelope). B. licheniformis strain 749/C, which produces penicillinase as a constitutive enzyme, was used for the study. After 4 h of growth, the cells (containing 3,500 U of penicillinase per mg of protein) were centrifuged, washed, and treated with 0.5% double aldehyde mixture (0.3% paraformaldehyde and 0.2% glutaraldehyde) for 30 min at 0°C. The fixed cells were thoroughly washed in 0.01 M phosphate buffer (pH 7.3) and then homogenized in a Braun homogenizer. Cell breakage was monitored by phase-contrast and electron microscopy; successful preparations contained cells with a limited number of small holes (0.01 to 0.08 um) in the cell envelope of individual cells.
(ii) The second type of cell preparation consisted of isolated subcellular fractions (demonstrates the relative affinities of various cell fractions). After 4 h of growth, the cells were centrifuged, washed, and treated with lysozyme (11) . When protoplast formation was complete, the whole mixture was fractionated on a 2, 5, and 10% discontinuous Ficoll density gradient. After centrifugation for 30 min at 27,000 x g, three welldefined fractions were obtained. Each fraction was isolated and washed by centrifugation to free it from Ficoll. Electron microscopy demonstrated that the topmost fraction contained undigested wall fragments; therefore, this fraction was designated as the cell wall and periplasmic material. The middle fraction contained vesicular and tubular material characteristic of mesosomal substance. The bottom fraction contained complete protoplasts based on morphological criteria (i.e., the membrane surface was devoid of any amorphous wall material and the average protoplast membrane thickness varied between 7.5 to 10 nm). There was no vesicular or tubular material associated with protoplast membrane surface. Each fraction was centrifuged at 100,000 x g. The pellet was fixed in double aldehyde mixture for 30 min at 0°C. The fixed material was washed by centrifugation in phosphate buffer and finally resuspended in the same buffer. Protoplasts were maintained in 0.75 M sucrose to provide osmotic stability. A portion of unfixed protoplasts was lysed in phosphate buffer without any osmotic support. The lysed protoplasts were washed as described earlier (10) to obtain washed membrane. Electron microscopy showed that the inner surface of the washed membrane frequently had adherent material.
(iii) The third type of cell preparation consisted of frozen thin sections (sectioning exposed most of the antigenic sites). Labeling with ferritin-IgG conjugate. (i) Homogenized cells and subcellular fractions: Samples were incubated in a 3-ml mixture containing 1 ml of sample, 0.3 ml of ferritin-IgG conjugate, and 1.7 ml of phosphate buffer (pH 7.3) at 37°C for 30 min with constant shaking. To reduce background contamination, unbound conjugate was removed from the samples by centrifugation in a 2, 5, and 10% discontinuous Ficoll density gradient. It was determined that unbound ferritin-IgG conjugate did not appreciably penetrate the gradient. The labeled samples were examined after negative staining with 1% phosphotungstic acid. They were also processed for electron microscopy using double aldehyde and osmium tetroxide fixation (8) . Thin sections were stained for 1 min with dilute (1:10) Reynolds lead citrate (21) .
(ii) Frozen thin sections: All steps of immunoferritin labeling were done on drops arranged on a plastic petri dish or dental wax sheet (27 (iv) IgG from control rabbits (which had not been injected with penicillinase) was conjugated with ferritin. This conjugated material, lacking anti-penicillinase antibody, does not react with penicillinase sites.
Nonspecific binding between antibody and 749/C cellular protein was monitored using this reagent.
Immunoelectrophoretic determination of penicillinase in the cytosol. ,jg of chloramphenicol per ml (CM buffer). A portion of the washed cell was incubated for 45 min at 37°C in 100 ,ug of trypsin per ml in 0.02 M Tris-hydrochloride buffer (pH 9.5) (3). The incubated material was centrifuged, the supernatant was collected, and the pellet was washed in CM buffer. Portions of the trypsinuntreated and -treated washed cells were lysed by a 30-min incubation in CM buffer at 37°C, containing 100 ,ug of lysozyme per ml, 10 Mg of DNase and RNase each per ml, and 100 ug of soybean trypsin inhibitor per ml. After lysis portions of both samples were extracted with 1% taurodeoxycholate (TDC) as described earlier (25) . The following samples were used for penicillinase assay: (i) washed whole cell; (ii) material released by trypsin treatment of the whole cells; (iii) lysates of untreated and trypsin-treated washed cells; (iv) TDC extract of lysates of untreated and trypsin-treated cell. Samples (ii) and (iv) were used for immunoelectrophoresis (29) .
RESULTS
Localization of penicillinase in whole cells made permeable to ferritin-IgG conjugate by homogenization. It is evident from Fig. la, b , and c that cells fixed in 0.5% double aldehyde at 0°C do not show disorganization of either the cell envelope or the cytoplasm as a result of homogenization. The cell wall-plasma membrane association remained unimpaired. In homogenized cells, small portions of the cell envelope (wall and membrane together) were lost ( Fig. la) , forming a limited number of small holes per individual cell. The cytoplasm underneath the ruptured cell envelope apparently remained intact (Fig. la, arrow) . The sites of rupture lack a permeability barrier and, therefore, allow ferritin-IgG conjugate to enter and diffuse through the cytoplasm. Binding of the conjugate to cytoplasmic antigenic sites is seen in Fig. la,  b , and c. Ferritin-IgG conjugate also reached antigenic sites of the wall interior ( Fig. la and b , arrowheads). Wall interior was not labeled when conjugate was added to intact cells. Therefore, in the ruptured cell the conjugate did not penetrate through the outer surface of the wall but reached the wall interior via the periplasm.
In Fig. la, b , and c, ferritin-IgG conjugate, labeling the antigenic sites, is seen in clusters, which are discretely distributed in the cell envelope as well as in the cytoplasm. Frequently, the compact nature of the clusters does not allow clear recognition of individual ferritin particles (Fig. lc) . Therefore, to determine whether there are clusters inherently present in the conjugate, samples of the same concentration of ferritinIgG conjugate as used in the incubation mixtures were positively and negatively stained. (Fig. la and b, arrowheads) .
In (9) , which contain a substantial amount of penicillinase (23) . Vesicle penicillinase has been shown to be similar to plasma membrane penicillinase (28) . The vesicles contained large quantities of penicillinase-releasing protease (1) which converts the hydrophobic enzyme into a hydrophilic form. Cells in different stages of protoplast formation show discrete labeling of the outer surface of mesosomal tubules ( Fig. lg and h ). Similar labeling was also seen in purified mesosome preparations (Fig. 1i  and j) . Although biochemical assay showed that mesosomes contain a major portion of the total cell-bound penicillinase (23), labeling ofthe mesosomes was low. The following possibilities explain this discrepancy. (i) Penicillinase sites in the mesosomes may be inherently low. In earlier biochemical assays the enzyme aggregates bound to wall patches (shown in this paper) might have co-fractionated with mesosomal material, increasing its enzyme content. To avoid this in the present work, the mesosomal material was more rigorously purified. If antigenic sites are intramesosomal, the mesosomal membrane may prevent diffusion of ferritin-IgG conjugate to these sites. Our attempts to rupture mesosomal material to reveal these antigenic sites have failed.
(ii) A high amount of penicillinase-releasing protease in the mesosome (1) may have released substantial amounts ofmesosome membrane-bound enzyme prior to labeling.
Localization in intact and lysed protoplasts. Thin sections of fixed protoplast (Fig.  2a) and negatively stained protoplast (Fig. 2b ) both show labeling with ferritin-IgG conjugate in discrete patches (arrowheads). The label is either directly bound to the outer surface of the protoplast membrane or attached to a fibrillar fuzzy material associated with it (Fig. 2a) . The number of patches per individual protoplast profile varies widely. Frequently, a section through a protoplast showed no patches of labeling, suggesting that there is only a small number of randomly distributed antigenic sites in an individual protoplast.
In protoplasts that were lysed prior to incubation with ferritin-IgG conjugate, there is extensive intracellular labeling (Fig. 2c) . Both free and plasma membrane-associated ribosomal material are labeled, as is the inner surface of the membrane (Fig. 2c, arrowheads) . The outer surface of the membrane remains remarkably free of label, other than the discrete patches (Fig. 2c, arrow) . Labeling of the cytoplasm of these unfixed lysed cells is dispersed, in contrast to clustered labeling in the cytoplasm of prefixed homogenized cells. This indicates that the antigenic sites in vivo exist as aggregates, which dissociate due to cytoplasmic disorganization during protoplast lysis. Aldehyde fixation in low temperature stabilizes these in vivo aggregates. In a control experiment, nonspecific ferritin-IgG conjugate showed very little binding with cytoplasmic material.
Localization in washed membrane. Membrane material obtained from the lysed protoplasts had membrane-associated ribosomes. The ribosomes could not be removed by repeated washing in Tris-Mg-NaCl buffer unless the Mg2" concentration was lower than 10-3 M. FerritinIgG conjugate bound extensively with these membrane-associated ribosomes (Fig. 2d) . Labeling is asymmetric on the two sides of the membrane; the outer surface has markedly fewer patches of the label than the inner surface (arrowheads). This asymmetry is convincingly demonstrated in a preparation of "inside-out" membrane, which shows heavy labeling of the outer (originally inner) surface with its associated ribosomes and light labeling of the inner surface (Fig. 2e, arrowheads) .
In another preparation, ribosomes were removed by exhaustive washing in Tris-Mg-NaCl buffer containing a low Mg2" concentration (<10-3 M). Even on this ribosome-free membrane, ferritin-IgG conjugate bound to the inner ( Fig. 2f and g, arrowheads) and outer (Fig. 2h,  arrows) surfaces.
Localization in frozen thin section. The observation that cytoplasm of the cells having ruptured envelope is labeled suggests the diffusion of ferritin-IgG conjugate through cytoplasm. The possibility cannot be eliminated, however, that the diffusion through glutaralde- 137, 1979 on January 6, 2018 by guest http://jb.asm.org/ hyde cross-linked cytoplasm is not uniform, leaving some antigenic sites unrevealed. We used frozen thin sections to corroborate the finding obtained from homogenized cell preparations. Although ultrastructural definition is poor in frozen thin sections, all the antigenic sites are exposed. Electron-lucid appearance of the central region of the sections is common for frozen thin sections. It is possible that in the absence of uranyl acetate staining, the nucleoplasm-rich region of the cell remains electron lucid.
Frozen thin sections were directly reacted with the ferritin-IgG conjugate after conditioning with bovine serum albumin. Both the cytoplasm and cell envelope became extensively labeled. Labeling of the cytoplasm varies widely in density, being heavy in some sections (Fig.  3a) and light in others (Fig. 3d) . The label in the cytoplasm is frequently present in clusters.
In frozen thin sections, despite extensive labeling of the cytoplasm, there are only a few patches of labeling in the envelope (Fig. 3a,  arrowheads) . The character of these patches can be seen in Fig. 3b and c (arrowheads) . The typical patch spans the entire thickness of the cell envelope.
In both homogenized cells and frozen thin sections the cytoplasm is extensively labeled with ferritin-IgG conjugate. Variation in the extent of labeling from one thin section to another is expected simply from a statistical standpoint.
Penicillinase constitutes at most 1 to 2% of total cell protein. Therefore, many sections will by chance contain very little penicillinase. Tangential sections of frozen cells (Fig. 3d and e) and homogenized cell (Fig. 3f) exposing a large area ofwall or wall-membrane interface show patches of ferritin-IgG conjugate (arrowheads).
Trypsin treatment (Table 1 ) removes 80 to 90% of cell-bound penicillinase. A frozen thin section of trypsin-stripped cell labeled with ferritin-IgG conjugate (Fig. 3g) shows no patches of label in the cell envelope, whereas clusters of label are still present in the cytoplasm.
We examined in several ways the possibility that these patches are artifacts. (i) The patches may represent preexisting aggregates or they may have formed during drying of the grids. We prepared samples of the ferritin-IgG conjugate in the same concentration as used in the labeling of sections. The stained preparations (Fig. le   and f) show that the conjugate material remained evenly dispersed. (ii) The binding affinity of the section surface compared to that of the background was examined by counting ferritin particles. The numerical density ofparticles over sections was much higher, and their difference from the background was statistically significant. (iii) Ferritin-IgG conjugate may bind nonspecifically with cellular material in general. This possibility was examined by neutralizing the specific binding affinity (i) of the sections by pretreating them with 100 ( Fig. 4a ) and 600 Ag (Fig. 4b ) of unlabeled IgG per ml, and (ii) of the label by pretreating it with penicillinase (Fig.  4c) , and B. licheniformis cytosol material (Fig.  4d) . Pretreatment with 100 ,ug of IgG per ml caused substantial reduction in binding of conjugate with the sections (Fig. 4a) . Cell envelope patches were not seen in this preparation although cytoplasm was substantially labeled. Pretreatment with a high IgG concentration (600 ,ug/ml) completely prevented binding of conjugate to both cytoplasm and cell envelope (Fig.  4b) . Penicillinase-pretreated ferritin-IgG conjugate bound very poorly with the sections (Fig.  4c) . In this preparation, the thin and diffuse labeling is nonspecific and never forms envelope patches. Cytosol pretreatment of ferritin-IgG conjugate completely prevented binding with the frozen sections (Fig. 4d) .
Immunoelectrophoretic localization of penicillinase in cytosol. The presence of a substantial number of penicillinase antigenic sites in the cytoplasm is unexpected because penicillinase has been reported to be entirely membrane bound. Therefore, three different experiments were done to confirm the results obtained from immunoelectron microscopy.
(i) Crypticity of the penicillinase. We consider that the penicillinase located in the cytoplasm will not be available to the substrate (penicillin) unless the cells are lysed. Hence, the measured enzyme activity of lysed cells will be greater than that of whole cells. This difference in activity should be very high when trypsintreated whole cells are used, because 80 to 90% of the membrane-bound enzymes are removed by this treatment. During lysis, soybean trypsin inhibitor was added to inhibit proteolytic degradation of any cryptic penicillinase. Results (Table 1) show that penicillinase activities of the lysed whole and trypsin-stripped cells are not greater than those before lysis. On the contrary, the enzyme activities of lysed preparations are 10 to 11% lower than in preparations before lysis. This loss of enzyme activity considerably increased if lysed material was incubated for a period longer than 30 min. But the loss could be totally prevented if the cells were lysed in the presence of soybean trypsin inhibitor. It is clear from these results that there is no cryptic penicillinase activity in the B. licheniformis cells. It is intriguing that cytosol penicillinase is sensitive to proteolytic activity released by cell lysis. It is known that neither membrane-bound nor exo-3a jY. penicillinase is protease sensitive. Therefore, we presume the cytosol enzyme to be sensitive to protease digestion.
(ii) Distribution of cell bound penicillinase in different subcellular fractions. Data (Table 2) show that the wall-periplasm fraction contains 35% of the cell-bound penicillinase. This enzyme activity corresponds to the secretion patches demonstrated in the cell envelope. The mesosome fraction contains only 15% of the enzyme activity. This low activity agrees with the low binding of ferritin-IgG conjugate with the mesosomal fraction. It is possible that high activity of releasing factor in the intramesosomal space caused the loss of activity from the mesosomes (1). Recently we have performed the subcellular fractionation in the presence of a penicillinase-releasing protease inhibitor, quinacrine. Preliminary data suggest that the cytosol activity is lower than 11% and the mesosomal activity is higher than 15%. It should be noted that recovery of enzyme activity in cell fractions (Table 2) is only 90%. The finding that cytosol contains a substantial amount of the total cellbound enz3ne activity is consistent with the immunoelectron microscopic observation that antigenic sites are present in the cytoplasm. This finding is apparently inconsistent with that obtained from the crypticity experiment described above. However, it is possible that penicillin is not transported into the cell, but remains bound to the inside surface of the membrane and thus becomes available to the cytosol penicillinase molecules.
(iii) Penicillinase localization by immunoelectrophoresis. It was apparent from the examination of a large number of frozen thin sections that the penicillinase antigenic sites in the cytosol correspond to an amount of penicillinase protein far greater than that (at most 11%) determined by the cell fractionation study. We considered the possibility that the penicillinase present in the cytosol has a different structure which may have poor catalytic activity, whereas its antigenicity remains comparable to the exoor membrane-bound penicillinase. For the following cell extracts, we determined the enzyme activity by biochemical assay and examined the antigenicity by immunoelectrophoresis: (i) the supernatant from centrifugation at 100,000 x g of the trypsin-treated whole cell lysate extracted with TDC (i.e., CT); (ii) whole cell lysate extracted with TDC to obtain the whole amount of cell-bound enzyme (i.e., WCT); (iii) the material removed by trypsin treatment of the whole cell (T). Results (Fig. 5a) show that cytosol (CT) of both trypsin-stripped cell and trypsinstripped material (T) contained penicillinase antigen. Compared to purified exopenicillinase (PE), the antigens in both materials are heterogeneous. Cytosol and purified exoenzyme contained 20 units of enzyme activity, whereas the trypsin-stripped material and whole cell extract contained 70 units.
Although cytosol and pure penicillinase have the same units of enzyme activity, the immunoelectrophoresis arc of cytosol is notably more intense than pure enzyme. Furthermore, the intensity of the arc of cytosol is comparable to trypsin-stripped enzyme when three times more enzyme units are present in the latter. In Fig.  5b , trypsin-stripped (T) and cytosol material (CT) are compared to whole cell extract (WCT). All three materials show similar intensity of the immunoelectrophoresis arcs although the cytosol contained one-third the enzyme units compared to the trypsin-stripped material or whole cell extract. The whole cell extract shows much greater heterogeneity of the antigens than the trypsin-stripped or cytosol material.
Comparing these results of biochemical assay and immunoelectrophoresis, it is suggested that enzyme activity determination underestimates the quantity of antigen present in the cytosol. In other words, the catalytic activity of cytosol penicillinase may be poor compared to exopenicillinase. A variety of other possibilities in interpreting these immunoelectrophoresis results remain open. Isolation of the cytosol enzyme will be a crucial issue. But it is relevant for this paper that the immunoelectron microscopic data on cytosol antigenic sites are confirmed by this second technique. One interpretation of the data is that the ribosome containing the nascent polypeptide may bind to the inner surface of the membrane but may fail to cause the necessary aggregation of the membrane pore protein molecules to form hydrophilic channels through which the nascent polypeptide molecules are extruded. Another possibility is that preexisting hydrophilic pores in the membrane are discretely distributed, and the secretion can occur only when the ribosome containing the nascent peptide binds to the region of the plasma membrane containing these pores. In either case, the membrane-ribosome biding may not always result in successful extrusion of nascent polypeptide through the membrane. Unextruded material may accumulate in the cytoplasm, where it is revealed by immunoelectron microscopy.
Immunoelectrophoresis of cytosol confirmed the electron microscopy observation that in the cytoplasm there is material which cross-reacts with anti-penicillinase antibody. The catalytic activity of this cytosol material is poor. The sensitivity of cytosol enzyme to proteolytic degradation is suggested from the loss of enzyme activity after cell lysis and the prevention of this loss by soybean trypsin inhibitor. Lysed whole cell extract was not immunologically heterogeneous when soybean trypsin inhibitor was present during cell lysis (A. Ghosh, unpublished data).
Compared to the exopenicilUinase, the cytosol material bound poorly to IgG because cytoplasmic antigenic sites could be blocked by pretreatment with a higher concentration of unlabeled IgG than that required to block envelope antigenic sites. All of these can be taken as evidence that the cytosol may contain a different molecular form of penicillinase.
The molecular form in the cytosol might represent a precursor of exopenicillinase. But a precursor molecule in the cytosol is unexpected if the synthesis and secretion of penicillinase follows the mechanism proposed in the signal hypothesis (4) . Lampen (16, 17) presented evidence that the signal hypothesis is applicable to the penicillinase system in B. licheniformis. The existence of cytosol penicillinase differing in molecular form from exopenicillinase is theoretically possible if one assumes that the binding of ribosome containing emerging N-terminal signal sequence does not necessarily lead to secretion of penicillinase. Penicillinase molecules which fail to be extended through the membrane pores become differently folded, forming partly active or inactive molecules. These altered molecules retain sufficient antigenic determinants for immunological detection. Eventually, they are degraded by proteolytic digestion. One may consider this synthesis to be an open-ended, inefficient process. It should be noted that B. licheniformis 749/C is a mutant selected for penicillinase synthesis, so it may have an exaggerated penicillinase synthesis activity. It is also possible that the efficiency of protein secretion is inherently lower in procaryotic than in eucaryotic cells because of the lack of endoplasmic reticulum, which provides much greater membrane surface area per protein synthetic unit. Thus, the chance of abortive membrane-ribosome binding (with no enzyme secretion) is less in higher organisms than in bacterial cells.
